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Introduction: Evaluating the precise motions along 
lineaments on the surface of Jupiter's icy moon, Eu- 
ropa, is a valuable tool for interpreting the develop- 
ment and history of lineaments of various morpholo- 
gies. Such morphologies include strike-slip faults, 
dilational bands, ridges, and convergence zones. 

However, the exact mode of origin and kinematic 
behavior of these various lineaments are not obvious 
based on morphology alone. In fact, the apparent mo- 
tions implied by displaced crosscut features can pro- 
vide misleading indications of true motions along 
lineaments. Identifying the precise motions (combina- 
tions of sliding and opening/closing) is critical to the 
accurate characterization and interpretation of each of 
these lineament types. 

Lineaments of interest (i.e., those having displaced 
relatively older features in some manner) are identified 
on Galileo spacecraft images and measurements are 
made of the total offset, the separation, and relative 
orientations of crosscut features with respect to the 
lineament of interest. Specifically, by using these 
measured quantities and a series of trigonometric 
equations, the precise motions (i.e., dilation, conver- 
gence, strike-slip, or a combination of strike-slip and 
dilation or convergence) can be determined. These 
measurements are, however, limited by the resolution 
of the available images. 

This study focuses on motion analysis techniques 
for Europan lineaments and the precise characteriza- 
tion of fault-orthogonal and/or strike-slip motion along 
lineaments of varying morphologies. By building on 
the work of [1], we highlight potential pitfalls of cur- 
sory analyses of motion indicators. For example, 
lineaments with obvious lateral offsets have typically 
been identified simply as strike-slip faults. This as- 
sumption may actually be incorrect, as fault-orthogonal 
motions may contribute to apparent lateral displace- 
ments (offsets or separations). Also, variability in the 
amount of fault motion along the trace length should 
theoretically be identifiable using the outlined tech- 
nique. Strike-slip faults on Europa have convention- 
ally been presumed to have a constant slip magnitude 
along their lengths; however, we posit that variable 
distributions of slip may be common, as is typical 
along terrestrial strike-slip faults. 

Technique: Once a lineament of interest is identified, 
crosscut features are matched on either side of the 
lineament, and the pertinent measurements are noted. 
Namely, alpha, total separation, and total offset. These 
are the three values which can be measured directly 
from an image, illustrated in blue in Figure 1 . 



for the case of convergence with left-lateral motion. 
The measured values include total offset, t, total sepa- 
ration, S total, and the clockwise angle between the 
lineament and the displaced feature, a. Note there is an 
apparent offset, z, purely the result of convergence. 

Total separation values are then normalized 
against the maximum separation and plotted as a func- 
tion of alpha. These data are then compared to the 
analytical solutions for all the possible scenarios of 
motions. The closest match between actual data and 
theoretical predictions allows the precise motions to be 
inferred for the given lineament. 

The more crosscut features (at a wide range of al- 
pha values) identified, the more accurate the interpre- 
tation of the precise motion across a given lineament. 
Careful attention must also be paid to sign conven- 
tions. Right-stepping separation and right-lateral off- 
sets are positive values; left-stepping separation and 
left-lateral offsets are negative values, by definition. 

Application: The above outlined technique can be 
applied for a range of lineament morphologies, but its 
application is limited to straight portions the linea- 
ments. Portions which are not very linear resolve dif- 
fering relative motions, dependent on the local orien- 
tation of the trace of the lineament, producing results 
that are more difficult to interpret. Based on this ca- 
veat, ridges are the simplest candidates for such 
evaluations. Ridges are ubiquitous, often linear, and 
are imaged at a range of resolutions by the Galileo 
spacecraft. Furthermore, ridges commonly display ap- 
parent lateral offsets [2] which cause them to resemble 
strike-slip faults. 

Discussion: Previous work has focused on rigid block 
reconstructions of Europan lineaments; however, ac- 
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tual motions may be more complex. By utilizing this 
developed technique, a detailed record of motions 
along the length of a lineament is possible. Small 
amounts of fault-orthogonal motion, not otherwise 
readily identifiable due to the morphology of the 
lineament (dilation, for example), can potentially be 
isolated. Any variability in motions, either strike-slip 
or fault-orthogonal, can also potentially be identified. 
Utilizing this technique creates a more complete de- 
piction of the behavior of Europan lineaments. Under- 
standing these motions will allow for an evaluation of 
previous models for the kinematic behavior of Europan 
lineaments. 

Why use separation as a proxy for lineament 
motion? Separation is the only measure which accu- 
rately depicts fault motions. Using total offset can be 
misleading, and accurate measurements are potentially 
difficult. Convergence creates an apparent offset, as a 
function of both the magnitude of convergence and 
alpha, and changes the perceived total offset. Since 
convergence is not necessarily obvious, offset is not an 
accurate measure of fault motions. Also, total offset 
does not allow for the isolation of any dilation or con- 
vergence. Separation accurately depicts both strike- 
slip and fault-orthogonal motion. 

Deviation of measured values from the ana- 
lytically predicted values has significance as well. 
Such deviation means there is either measurement er- 


ror or that there is true variability in the distribution of 
motions along the measured lineament, despite poten- 
tially little obvious change in morphology. Such vari- 
ability has important implications for the mechanical 
development of lineaments. Fracture mechanics mod- 
els for the deformation of rocks on Earth [3] have been 
applied to Europa [2, 4] and could potentially be used 
to explain the distribution of displacement along strike- 
slip faults. 

Further work will include systematically 
quantifying motions on features of varied morpholo- 
gies. Doing so will allow for the identification of any 
trend in motions and may further our understanding of 
any genetic evolution of lineament morphologies. 
Analysis of sensitivity to measurement accuracy will 
also be tested. 
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